This study aims to investigate the effect of oral administration and the direct action of ginger extract or [6]-gingerol on small intestinal contractility. The direct effect of 10 minutes preincubation of ginger ethanolic extract (10, 100 and 300 mg/mL) or [6]-gingerol (1, 30, and 100 mM) on 0.01 to 30 mM ACh-induced contractions of all parts of the small intestine isolated from normal rats was investigated using the organ bath technique. For in vivo study, the rats were orally administered with extract (10, 20, and 100 mg/kg/d) or [6]-gingerol (2 mg/kg/d) for 7 days, followed by determining the contractile responses to ACh of rat isolated duodenum, jejunum, and ileum and their histology were assessed. Direct application of the extract or [6]-gingerol attenuated ACh-induced contractions in each small intestinal segment, E max was reduced by 40% to 80%, while EC 50 increased 3-to 8-fold from control. Similarly, in the in vivo study ACh-induced contractions were reduced in all parts of the small intestine isolated from rats orally treated with ginger extract (20 and 100 mg/kg/d) or [6]-gingerol (2 mg/kg/d). E max decreased 15% to 30%, while EC 50 increased 1-to 3-fold compared to control. No discernable changes in the histology of intestinal segments were detectable. Thus, the results support the clinical application of ginger for disorders of gastrointestinal motility.
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antinausea and vomiting, 4 and antidiarrheal activities. 5 Ginger is marketed for treating diseases of the gastrointestinal tract, including dyspepsia, 6 diarrhea, and nausea and vomiting. Clinical studies have demonstrated that ginger can prevent postoperative nausea and vomiting 7 and reduced nausea and vomiting in pregnancy, 8, 9 motion sickness, 10 and in patients receiving chemotherapy. 11 The anti-emetic action of ginger arises from the digestive tract, by promoting pyloric emptying into the intestine by its anticholinergic and antiserotonergic actions. Ginger stimulates antral anterograde contractions toward the pylorus, thereby promoting gastric emptying in healthy humans 12 and in patients with functional dyspepsia. 6 These actions also explain anecdotal reports of dyspepsia, nausea, and vomiting where the gastric hypotonia is relieved by ginger. Ginger also prevents cisplatin-induced emesis in dogs 13 and promotes gastric emptying in cisplatin-treated rats, 14 suggesting a role in human cancer chemotherapy. Other chemotherapeutic agents share this induction of nausea and vomiting via the medullary chemoreceptor trigger zone, gastrointestinal tract, and vagal afferents and the vomiting center. 15 In the gastrointestinal tract, chemotherapeutics stimulate 5-hydroxytryptamine (5-HT) from enterochromaffin cells of small intestine and activate 5HT 3 receptor on vagal visceral neurons leading to visceral afferent vagus nerve activation [15] [16] [17] [18] and neurally released ACh, 19 acting on muscarinic (M 3 ) receptors of the intestinal smooth muscle, 20, 21 culminating in nausea and vomiting. However, the role of ginger on the gastrointestinal tract is not well understood because most mechanistic studies were conducted on animal intestine in vitro. These studies showed that ginger extracts inhibited contractions induced by electrical field stimulation or exogenously applied ACh in the isolated rat ileum. 22 Moreover, ginger and its constituents, [6] -gingerol, [6] -shogaol, and zingerone, inhibited 5-HT 3 -evoked inward (depolarizing) currents in rat nodose ganglionic neurons. 23 Also, ginger and [6]-gingerol blocked 5-HT 3 and M 3 receptors, thus blocking both serotonin-and carbachol-induced contractions of the isolated guinea-pig ileum. [24] [25] [26] However, the extent of current knowledge is incomplete in several important respects: (1) studies were confined to the ileum, (2) there are no studies on tissues from orally treated animals, and (3) there is no information about possible adverse effects on intestinal integrity. Therefore, to answer these questions, animals orally treated with [6] -gingerol were used to study contractility along different segments of the small intestine, and the corresponding structural changes.
Materials and Methods

Preparation of the Plant Extract
Fresh rhizomes of ginger (Z. officinale Roscoe) were collected from Lom Sak district, Phetchabun province, Thailand. The voucher specimen (No. 004330) was identified by Dr. Pranee Nangngam, Department of Biology, Faculty of Sciences, Naresuan University, and kept at Faculty of Sciences, Naresuan University, Phitsanulok, Thailand. The fresh rhizomes of ginger (100 kg) were cut into pieces (0.4 cm) and dried at 50 C for 24 hours. The dried material was ground with a roller grinding machine to powder. The dried ginger rhizome powder (7.6 kg) was extracted with 95% ethanol (5 L) for 10 days. Then, it was filtered and evaporated under vacuum until dryness at 50 C on a rotary evaporator to give the crude ethanolic extract with 6.84% yield. The ginger extract was analyzed by high-performance liquid chromatography (HPLC) for quality control of its active compounds, [6] -gingerol (11.91%) and [6] -shogaol (0.92%), and stored at 4 C until used.
Animals
Male Wistar rats (200-250 g) were obtained from the National Laboratory Animal Centre, Mahidol University, Salaya, Thailand. Experiments were ethically approved by Naresuan University Animal Care and Use Committee (NUACUC, Naresuan University, Phitsanulok, Thailand; Ethic Number: NU-AE590715) for the care and use of animals for scientific purposes. The rats were maintained in plastic cages at 22 + 1 C with a 12-12 hour light-dark cycle, fed with standard rodent diet (082G) and tap water in the Center for Animal Research, Naresuan University, Phitsanulok, Thailand.
Tissue Preparation and Experimental Protocol for In Vitro Study
The rats were anesthetized with sodium pentobarbital (50 mg/kg, intraperitoneally). The small intestine was divided into 3 parts corresponding to the duodenum, jejunum, and ileum, which were flushed through, cleaned, and surface fat removed. Each intestinal section was subdivided into 1 cm in length and suspended in 20 mL organ bath containing Krebs' solution composed of (mM): NaCl 122; KCl 5; N- [2-hydroxyethyl] piperazine-N 0 -[2-ethane-sulfonic acid] (HEPES) 10; KH 2 PO 4 0.5; NaH 2 PO 4 0.5; MgCl 2 1; CaCl 2 1.8; and glucose 11, adjusted to pH 7.4 with 1 M NaOH, and were aerated continuously with air, at 37 C. The segments were longitudinally tensioned to 1 g and allowed to equilibrate for 60 minutes. 22, 25 During the equilibration period, the bathing solutions were replaced by Krebs' solution every 15 minutes. The wires were connected to a force transducer to measure isometric tension via a MacLab A/D converter (Chart V5; A.D. Instruments, Castle Hill, Australia), stored, and displayed on a personal computer.
After equilibration, maximal contraction was elicited by switching to 80 mM high K þ solution containing (mM): NaCl 47.4; KCl 79.5; HEPES 10; KH 2 PO 4 0.5; NaH 2 PO 4 0.5; MgCl 2 1; CaCl 2 1.8; and glucose 11, adjusted to pH 7.4 with 1 M NaOH, for *1 minute and then returning to normal Krebs' solution. When the spontaneous contraction reached equilibrium, ACh, M 3 receptor agonist, at concentrations of 0.01 to 30 mM were cumulatively added (*30 seconds for each addition) in order to induce contraction. The ACh was washed out 2 to 3 times and replaced by fresh Krebs' solution for 30 minutes. Then, either vehicle alone (dimethyl sulfoxide [DMSO]), ginger extract (10, 100, or 300 mg/ mL), or [6] -gingerol (1, 30, or 100 mM) were added for 10 minutes followed by the accumulating ACh concentrations. Contractile responses were measured from the baseline for each ACh concentration and expressed as a proportion of the maximal contraction produced by high K þ solution.
Experimental Protocol for In Vivo Study
For this study, ginger extract or [6] -gingerol was administered by a single oral gavage daily for 7 days. The rats (200-250 g weight) were randomly divided into 5 groups (n ¼ 6) treated as follows:
(1) the control group gavaged with vehicle (propylene glycol [PG]), (2) 10 mg/kg ginger extract group, (3) 20 mg/kg ginger extract group, (4) 100 mg/kg ginger extract group, (5) 2 mg/kg [6] -gingerol group. The ginger extract and [6]-gingerol were dissolved by PG and administered orally to the rats via a syringe and stainless steel gastric tube once a day. At day 8, the rats were anesthetized with sodium pentobarbital (50 mg/kg, intraperitoneally) and the subdivided small intestine sections removed as described above, and then the following protocols were carried out.
Small Intestinal Contractile Responses to ACh
Contractile responses to ACh were recorded as described above but without any treatments with ginger extract or [6] -gingerol.
Histological Study
Isolated duodenum, jejunum, and ileum (2 cm long) were quickly rinsed in normal saline, harvested, fixed in 10% buffered formalin, dehydrated, and embedded in paraffin. Dewaxed sections of 3 mm were stained with hematoxylin-eosin (H&E) for light microscopy.
To evaluate histological changes, all sections were photographed (A) Representative tracing of the duodenum, jejunum, and ileum spontaneous contraction before and after 10 minutes preincubation with DMSO, 300 mg/mL ginger extract, or 100 mM [6]-gingerol. (B) Contraction expressed as percentage to high K þ (80 mM) solution-induced maximum contraction of isolated duodenum, jejunum, and ileum before (control) and after incubation with DMSO, 10 to 300 mg/mL ginger extract, or 1 to 100 mM [6]-gingerol. All data were expressed as means + SEM (n ¼ 5). ***P < .001 versus the control or DMSO; yyy P < .001 versus the 10 mg/mL ginger extract; zzz P < .001 versus the 1 mM [6]-gingerol.
under the light microscope. Villi lengths, crypt depths, goblet cell counts, and circular and longitudinal muscle layer thicknesses were measured using ImageJ (version 1.51j8, National Institutes of Health, Baltimore, MA).
Drugs and Solutions
ACh and [6] -gingerol were obtained from Sigma (St Louis, MO). ACh was dissolved in distilled water. Propylene glycol was purchased from Ajax Finechem Pty Ltd (Unilab, New South Wales, Australia). DMSO 
Statistical Analysis
All data were expressed as means + standard error of mean (SEM) of n animals. Contractions were expressed as percentage to high K þ (80 mM) induced maximum response. The EC 50 values (defined as the concentration of ACh that induced 50% of the maximal contraction) and E max values (values of maximal contraction) were determined by fitting the original concentration-response curves using GraphPad Prism software (version 5.0). The multiple comparisons were analyzed using one-way ANOVA followed by Tukey's test. P < .05 was considered statistically significant.
Result
Quantitative Analysis of the Main Pungent Principles in Ginger Extract
The HPLC analysis of the ginger extract showed the active compounds of 11.91% (w/w) of [6] -gingerol and 0.92% (w/w) of [6] -shogaol ( Figure 1 ).
Ginger Extract and [6]-Gingerol Inhibited Spontaneous Contractility of Isolated Intestine
Spontaneous contraction of the duodenum, jejunum, and ileum became established after 60 minutes of incubation in Krebs' solution. The amplitude of movements was 52.41 + 0.64%, 52.86 + 0.36%, and 52.44 + 0.31% to high K þ (80 mM) induced maximum contraction in the duodenum, jejunum, and ileum, respectively. These spontaneous contractions were inhibited by ginger extract (100 and 300 mg/mL) or [6]-gingerol (30 and 100 mM) into the bath for 10 minutes (Figure 2A ) and attenuated at lower concentrations ( Figure 2B) irrespective of the intestinal segment tested. DMSO was without effect.
Ginger Extract or [6]-Gingerol Attenuated ACh-Induced Contractions
In all 3 anatomical sections of the small intestine, the patterns of responses were similar. Thus, with 100 and 300 mg/mL, extract produced clear attenuations in the ACh-induced contractions ( Figure 3A) , and effects replicated by [6] -gingerol (30-100 mM, Figure 3B ). These effects were reflected in reduced maximal contractions (E max ) and increased EC 50 (Table 1 ). In contrast, neither the lowest concentrations (10 mg/mL ginger extract and 1 mM [6]-gingerol) nor the vehicles had any detectable effects.
In Vivo Actions of ACh on Preparations Obtained from Extract and Gingerol Treated Rats
All intestinal sections from animals pretreated with higher doses of extract (20 and 100 mg/kg/d) or [6] -gingerol (2mg/kg/d) were consistently less responsive to all test (Table 2) . Nevertheless, pretreatment with the lower dose of ginger extract (10 mg/kg/d) or vehicle have no measureable effect on either E max or EC 50 ( Table 2) .
Histology of Small Intestine of Pretreated Rats
There were no changes in key morphological features (lengths of villi, and crypts, nor circular, or longitudinal muscle layers of duodenum, jejunum, and ileum) after treatment with ginger extract or [6] -gingerol ( Figure 5 ). Goblet cell density and their structures were unaffected nor were there any changes in the enterocyte, Paneth cells, or smooth muscle cells (insets). No lymphocyte invasion, vacuolation, or edema formation could be seen, demonstrating the absence of any gross inflammatory reaction.
Discussion
The present study demonstrated direct inhibitory action and effect of oral administration of ginger extract and [6] -gingerol on the ACh-induced contraction in rat duodenum, jejunum, and ileum, in agreement with previous findings. 22, 25 In addition, the amplitude and frequency of spontaneous contractions were stably generated for at least 60 minutes driven by rhythmic slow waves generated by interstitial cells of Cajal, the pacemaker cells between and within the muscle layers of the small intestine. [27] [28] [29] [30] Ginger extract or [6] -gingerol concentrationdependently reduced the amplitudes of spontaneous contractions of all portions of the isolated rat small intestine. These results agree with previous studies showing [6] -gingerol inhibited spontaneous contractile movements of rat-isolated colonic segments by blocking calcium influx through L-type calcium channels. 31 Nevertheless, the effect of ginger extract or [6] -gingerol may be mediated through additional actions such as inhibition of M 3 receptors or at any point along their downstream signaling pathways.
Rats fed with [6] -gingerol yielded small intestinal segments showing responses to exogenous ACh that were dosedependently reduced. Likewise, 20 mg of ginger extract containing *2 mg of [6] -gingerol had roughly the same attenuated effect (Figure 4) , implying that [6] -gingerol was the main active ingredient. The question arising is how the contractile action of ACh is attenuated by oral dosing. There are several explanations for these reduced actions. (1) There is residual [6] -gingerol or extract components remaining in the intestinal that occludes or desensitizes ginger action. Pharmacokinetic studies in rats with oral dosing of [6] -gingerol 32, 33 suggest that its blood levels would reach around 0.5 to 1 mM (after scaling for our doses) but rapidly decline after 15 to 60 minutes and barely detectable after 240 minutes. In contrast, the early intraluminal concentrations after dosing with [6] gingerol are roughly estimated to be *6 mM based on the amount of [6] -gingerol ingested and the volume of vehicle. Thus, judging from the kinetics in the vascular compartment, gut luminal [6] -gingerol would clear in <60 minutes. Tissue contents of [6] -gingerol were also measured by Jiang et al, 33 and the stomach and gut walls have particularly high concentrations (300 mM) for tissue water at 4 hours after dosing. While Jiang et al dosed with 120 mg/kg of [6] -gingerol compared to our 2 mg/kg, and allowing a further 50% decline during another 20 hours when the animal was terminated, we estimate tissue water to contain 10 mM of [6] -gingerol. This is enough to explain the reduced effect of ACh at this time point. Furthermore, gut wall tissue content of [6] -gingerol would be raised by carryover from successive [6] -gingerol doses. (2) The histological landscape was remarkably normal and consistent in appearance compared to controls and showed no suggestion of any villus retraction, irritation, inflammation, or cell necrosis. This apparent robustness of the gut wall compares with the susceptibility of cultured breast cancer cells that were vulnerable to lower concentrations of 100 mM.
34 ( 3) The repetitive [6] -gingerol dosing has downregulated or desensitized the ACh triggered molecular signaling pathways. Explanation (1) provides the most plausible explanation for the reduced contractile effect of ACh. However, the extensive extrapolation from the Jiang et al study does not make our conclusion definitive. We also surmise that because the brain contents of [6] -gingerol would be very low, 33 [6]-gingerol-containing material acts directly on the gut rather than centrally. The plasma [6] -gingerol concentrations barely reached 1 mM (extrapolated to our conditions). This concentration was ineffective in the bathing solution of our isolated preparations; thus, it is likely that [6] -gingerol, when given orally, acts from the luminal side of the gut wall rather than the serosal side. As an orally active spasmolytic agent, our data suggest that its action would persist for longer than the pharmacokinetics would suggest. Nevertheless, as an anti-emetic, confirmation would require its role in quelling activation of gut wall afferent nerves that activate the vomiting reflex or even give the sensation of nausea.
Conclusion
We conclude that the ginger extract and [6]-gingerol could reduce or inhibit contraction via M 3 receptor activation, irrespective of the position along the length of the small intestine. Orally dosing of ginger extract or [6] -gingerol appeared not to have any detectable effect on gut wall structure or integrity. However, in isolated intestinal segments from these pretreated animals showed a dose-related attenuation of ACh-induced contractions. These outcomes support ginger for the treatment of nausea and vomiting but the molecular targets need to be defined. 
